Background The global economic downturn has been associated with unemployment rises, reduced health spending, and worsened population health. This has raised the question of how economic variations affect health outcomes. Aim We sought to determine the effect of changes in unemployment and government healthcare expenditure on cerebrovascular mortality globally. Methods Data were obtained from the World Bank and World Health Organization. Multivariate regression analysis was used to assess the effect of changes in unemployment and government healthcare expenditure on cerebrovascular mortality. Country-specific differences in infrastructure and demographics were controlled for. One-to five-year lag analyses and robustness checks were conducted. Results Across 99 countries worldwide, between 1981 and 2009, every 1% increase in unemployment was associated with a significant increase in cerebrovascular mortality (coefficient 187, CI: 86·6-288, P = 0·0003). Every 1% rise in government healthcare expenditure, across both genders, was associated with significant decreases in cerebrovascular deaths (coefficient 869, CI: 383-1354, P = 0·0005). The association between unemployment and cerebrovascular mortality remained statistically significant for at least five years subsequent to the 1% unemployment rise, while the association between government healthcare expenditure and cerebrovascular mortality remained significant for two years. These relationships were both shown to be independent of changes in gross domestic product per capita, inflation, interest rates, urbanization, nutrition, education, and out-of-pocket spending.
Introduction
Stroke is the second leading cause of global mortality, accounting for 6·7 million deaths in 2012 (1) . In upper-middle income countries, cerebrovascular events are the leading killer, responsible for 126 deaths per 100 000 population (1) . Such statistics have been the impetus for public health strategies to reduce cerebrovascular mortality.
A number of studies have reported an association between socioeconomic status and the development of cerebrovascular disease in addition to increased stroke mortality (2) (3) (4) (5) (6) (7) . In recent years, the role of economic changes in healthcare has been accentuated. The global population has faced an economic crisis, presenting unexpected socioeconomic challenges to healthcare. A number of governments have adopted policies aimed to reduce budget deficits through a series of tax rises and spending cuts, often directly leading to rising unemployment rates, and in the context of healthcare, reduced health system spending (8, 9) . In countries where particularly aggressive fiscal austerity measures have been implemented -including Greece, Cyprus, Portugal, and Spain -unemployment has risen sharply (10) . Studies have attempted to evaluate the impact of economic changes on population health outcomes (11, 12) ; however, these have yet to be translated to policy development. Further, these studies have also almost exclusively focused on all-cause mortality or suicide, rather than the mortality attributed to specific conditions. This raises the question of how economic variations, both within and outside of economic crises, affect disease-specific health outcomes, including cerebrovascular mortality.
We sought to determine whether there is an association between two key economic variables, unemployment and government healthcare expenditure, and cerebrovascular mortality, worldwide, between the years 1981 and 2009. We hypothesized that increased unemployment, and reduced government healthcare expenditure, would be associated with rises in cerebrovascular deaths, attributable to a variety of factors, including reduced access to care.
Methods
Cerebrovascular mortality data for the years 1981 to 2009 were obtained from the World Health Organization (WHO) mortality database (13) , which is updated annually from civil registration systems of member states. The quality of the data has been evaluated by the WHO (14) . Cerebrovascular mortality was defined as annual deaths from cerebrovascular diseases [under the International Classification of Diseases (ICD) codes: ICD-9 430-438; ICD-10 I60-I69, G45]. Figures represented the absolute numbers of deaths due to cerebrovascular mortality in a given country.
Socioeconomic data were obtained from the World Bank's Development Indicators and Global Development Finance 2013 edition for the period 1981 to 2009 (10) . Government debt data, as a percentage of gross domestic product (GDP), data were obtained from the International Monetary Fund (IMF) Historical Public Debt Database (15) . Data were available for 99 countries for each of the two analyses, namely unemployment and government healthcare expenditure (Supporting Information Table S1 ). There was some variation in the 99 states included in each analysis. This was due to different data availability for unemployment and government healthcare expenditure respectively. Unemployment, as defined by the World Bank (16) , was taken to be the share of the labour force that is without work but available and seeking employment. Government healthcare expenditure was measured as a percentage of GDP; it was taken to include recurrent and capital spending from government budgets, external borrowings and grants, and social insurance funds (17) .
Multivariate regression analysis was used to separately assess the relationship between cerebrovascular mortality (dependent variable), and either unemployment (independent variable -Supporting Information Table S2 ) or government healthcare expenditure (independent variable -Supporting Information Table S3 ). To ensure that results were not driven by extreme observations for certain countries, a fixed-effects approach was used in the regression models, including 99 dummy variables for the 99 countries in each dataset. Doing this meant that models evaluated mortality changes within individual countries while holding constant timeinvariant differences between countries, including higher predispositions to cerebrovascular mortality as well as political, healthcare, cultural, and structural differences. The demographic structure of the selected countries was controlled for by incorporating total population size, in addition to the percentage of the population over 65 years of age and less than 15 years old into the model. This is because country demographics can affect both cerebrovascular incidence and mortality rates. A Cook-Weisberg test (18) was used to assess for and to confirm heteroskedasticity (where subsamples have different distributions) in the data used. Therefore, robust standard errors were included in the regression models, accounting for the heterogeneity in the unemployment or government expenditure datasets due to, for example, differences in the way that countries measured unemployment rates or government healthcare expenditure. Due to the inclusion of several control variables (in turn, losing degrees of freedom and reducing sample size), the approach was conservative. This methodology has been widely used in similar health-economic studies, and is regarded as a statistically robust and conservative approach (12, (19) (20) (21) .
The basic linear fixed-effects statistical model was therefore:
where i is country and t year; H is the dependent variable health metric (cerebrovascular mortality); I is the independent variable (either unemployment or public health spending); α represents the population structure of the country being analyzed, η is a dummy variable for each country included in the regression model, and ε is the error term. One, two, three, four, and five-year time-lag multivariate analyses were conducted to quantify the long-term effects of changes in unemployment on cerebrovascular mortality. Robustness checks were also conducted to control for economic factors, urbanization and nutrition, education, and out-of-pocket expenses.
Stata SE version 12 was used for the analysis (Stata Corporation, College Station, TX, USA).
Results
The results of the regression models are displayed in Tables 1 and  2 and are adjusted for population size, demographic structure, and intercountry differences, including higher predispositions to cerebrovascular mortality, as well as political, healthcare, cultural, and structural differences.
The results (Table 1) show that a 1% rise in unemployment was associated with a statistically significant rise in cerebrovascular mortality in both men and women (coefficient for men: 76·8 CI: 28·8-125, P = 0·0017; coefficient for women: 111 CI: 55·2-166, P = 0·0001). Between genders, the effect was greater for women than for men.
The results ( Table 2 ) demonstrate that a 1% rise in government healthcare expenditure (measured as a percentage of GDP) was associated with a statistically significant decrease in cerebrovascular mortality in both men and women (coefficient for men: −466 CI: −708 to −224, P = 0·0002; coefficient for women: −402 CI: −671 to −133, P = 0·0034). Between genders, the effect was more pronounced for men than for women.
Lag analysis
Further analysis was performed to investigate whether this association lasted in the long term. The results displayed in Table 1 show that following a 1% rise in unemployment, associated cerebrovascular mortality continued to increase, in both men and women, to a peak at four years (coefficient for both genders: 208 CI: 98·4-317, P = 0·0002, Fig. 1 ). The increased cerebrovascular mortality remained significantly raised at year five (coefficient for both genders: 175 CI: 72·2-278, P = 0·0009, Fig. 1 ). The results displayed in Table 2 show that following a 1% rise in government healthcare expenditure, associated cerebrovascular mortality continued to fall significantly for two years in men, but for women the association with cerebrovascular mortality was limited to the year of the rise in government healthcare expenditure. Overall, across both genders, increases in government healthcare expenditure were associated with significantly decreased cerebrovascular Table 1 Multiple regression and lag analysis examining the association between unemployment and cerebrovascular mortality The association between a 1% annual increase in unemployment and cerebrovascular mortality, controlling for population size, population structure (proportion of population below 14 years of age, proportion of population above 65 years of age), and controlling for intercountry differences in healthcare infrastructure in addition to political, cultural, and structural differences (by introducing dummy variables for each of the 99 countries). 
The association between a 1% annual increase in government healthcare expenditure (measured as a percentage of gross domestic product) and cerebrovascular mortality, controlling for population size, population structure (proportion of population below 14 years of age, proportion of population above 65 years of age), and controlling for intercountry differences in healthcare infrastructure in addition to political, cultural, and structural differences (by introducing dummy variables for each of the 99 countries).
Research mortality for two-years after the expenditure change (coefficient: −479 CI: −948 to −9·67, P = 0·0455, Fig. 2 ).
Robustness checks
To adjust for confounding factors, the analysis was rerun with additional economic and infrastructure controls included. First, to control for economic factors, variables to account for changes to GDP per capita, inflation, and interest rates were introduced. Second, urbanization and nutrition (mean calorie intake) were controlled for. Next, education (percentage of children with progression to secondary school), and finally out-of-pocket expenses were controlled for. Results are displayed in Table 3 and show that broadly, across both genders, the association between unemployment and increased cerebrovascular mortality remained statistically significant when each of these variables was controlled for. This was also the case for government healthcare expenditure; the relationship between reduced spending and increased cerebrovascular mortality remained statistically significant when each of the economic, infrastructure, nutritional, and educational variables was controlled for, with men, women, and both genders combined. The significant associations described for both unemployment and cerebrovascular mortality, and government healthcare expenditure and cerebrovascular mortality, were maintained when analyses were rerun, controlling for changes in crude death rate. This suggests that the associations seen are specific for cerebrovascular deaths, beyond the increased mortality risk inherent to the unemployed and those in countries with reduced government healthcare spending. To ensure that the analysis had not been impacted upon by suboptimal data quality, a further robustness check was performed whereby the analysis was repeated using only high-quality data [WHO levels 1 and 2 surveillance data quality (22) ]. Again, the findings remained significant for both the unemployment and government healthcare expenditure analyses, and for both genders.
Discussion

Principal findings
This study has shown that across 99 countries worldwide between 1981 and 2009, there is an association between unemployment and cerebrovascular mortality, and government healthcare expenditure and cerebrovascular mortality. The association between unemployment and cerebrovascular mortality remained statistically significant for at least five years subsequent to the 1% unemployment rise, while the overall link between government healthcare expenditure and cerebrovascular mortality remained significant for two years. These relationships were shown to be independent of GDP per capita changes, inflation, interest rates, urbanization, nutrition, and education. Research the metabolic syndrome (27) . Recently, in addition to mean blood pressure, variability in blood pressure has been highlighted as an independent risk factor for stroke (28) . There is consequently biological plausibility for links between unemployment, periods of stress, variations in blood pressure, and cerebrovascular mortality. Such changes, however, occur in the long term, possibly explaining the results of the lag analysis; however, they do not account for the short-term associations between unemployment and cerebrovascular mortality. In the short term, changes in unemployment and government healthcare expenditure are both likely to affect individuals' access to care, specifically in terms of treatment of acute stroke with its respective sequelae. Consistent with this, higher income has been associated with higher rates of stroke unit admission, neurology consultations, referrals to secondary prevention clinics, and physician visits after hospital discharge (29) . Congruently, low socioeconomic status has been associated with a lower chance of receiving optimal acute stroke care (30) .
Causal mechanisms
In this study, unemployment had a greater effect on women, while government healthcare expenditure was more relevant to men. The cause of this is likely to be a complex interplay between biological, social, and economic factors. Gender differences have previously been identified in the context of cerebrovascular mortality. In a US study investigating the association between employment status and mortality among 7361 middle-aged women, after adjusting for sociodemographic factors and selected risk factors for mortality, employed women had a lower risk of mortality than homemakers, including circulatory system-related deaths (31) .
Policy implications
Policy implications can be considered at a system level, or at the level of individuals. This work furthers existing evidence of the association between government healthcare expenditure and health outcomes, reinforcing the importance of government spending in minimizing cerebrovascular mortality. This is of particular significance, given the recent economic crisis where many governments have implemented austerity measures, either due to government policy, such as in the UK, or under compulsion as a result of accepting financial assistance packages following problems with bound monetary policy, such as in Greece and Ireland (32) . Austerity measures have in turn been associated with reduced public spending (32) . The findings of this study therefore Multiple regression analyses were rerun using the controls in the original analysis (population size, proportion of population above 65 years of age, proportion below 15 years of age, and 99 country controls), in addition to those mentioned in the sections below, for men (a), women (b), and both men and women (c). The data show the association between a 1% rise in unemployment (above) and a 1% rise in government healthcare expenditure (below) with cerebrovascular mortality, using the mentioned controls. GDP, gross domestic product; WHO, World Health Organization.
suggest that such policy interventions may be exacerbating the adverse health effects of the global economic downturn, specifically with regard to cerebrovascular mortality, rather than ameliorating them. Outside of economic crises, the findings of this study have relevance in debates over cost control in healthcare and times when governments attempt to reduce healthcare spending in favor of alternative initiatives. The results suggest that caution must be taken with regard to cost control and budget restrictions of healthcare; if cost reductions are not achieved as a result of efficiency improvements, they may entail worse quality care and in turn greater cerebrovascular mortality. From the perspective of unemployment, the association between increased unemployment and worsened cerebrovascular mortality reinforces arguments against austerity measures from a public health perspective, which have been associated with markedly increased unemployment rates (10) . Further, this work supports policies promoting return-to-work, social welfare, and those that prevent further job losses. This is of particular importance as forecasts predict that in some countries, unemployment may only return to pre-recession levels in 2017 (33) .
For clinicians, it is important to recognize that macro-level multinational policy can affect mortality for specific conditions at the individual patient level, affecting day-to-day clinical practice. Clinicians should be aware that unemployment could be a risk factor for cerebrovascular mortality. Furthermore, unemployed patients should receive particular attention to their traditional cardiovascular risk factors.
Limitations
Our study has several limitations that should be considered: first, public health outcomes and economic trends were examined at a national and international level, without consideration of local discrepancies; such trends, however, are likely of relevance to multinational policy development by agencies such as the IMF, World Bank, and WHO. Second, information regarding the distribution of unemployment throughout different social classes could not be incorporated; this is notable as economic changes have been shown to impact those of lower socioeconomic status the most. Third, while a number of controls were included in robustness checks, healthcare factors -such as access to primary care -were not incorporated into the regression models. Additionally, although this study highlights important associations, it does not demonstrate causality. Potential confounding factors linking socioeconomic indices and cardiovascular diseases, including stroke, are stress, depression (especially when untreated) (25), sleep patterns, cigarette smoking (23) and alcohol consumption (34), environmental factors, and obesity (27) . Furthermore, low socioeconomic status and psychological distress have been demonstrated as synergistic predictors of stroke mortality (24) . Sufficiently high-resolution data for these variables were not available for integration into the multivariate statistical models. This may have resulted in individual-level residual confounding. Our fixedeffects approach, although removing time-invariant differences between countries, did not control for time-varying confounding at the country level. Moreover, there are limitations regarding the quality of the multinational cerebrovascular mortality data acquired from the WHO, as previous studies have shown both over-and under-diagnosis of acute stroke as a cause of death in some countries (35) . Finally, with regard to government healthcare spending, it is worth noting that we did not account for changes in efficiency; indeed, it is feasible that a country spends less on healthcare but achieves greater outcomes due to the efficiency of its system.
Nevertheless, our study used worldwide data, taken from highquality, objective, and centralized databases, avoiding selection and recall bias. The volume of data used allowed for high statistical powering and multiple robustness checks. By focusing on countries at a global level over a 30-year period, this study permitted consideration of macroscopic trends. Notably, our study used a conservative, fixed-effects multivariate regression analysis model. This model, along with the multiple robustness checks, addresses many criticisms leveled at other studies looking at the relationship between health outcomes and economic changes, including the omission of potential confounders. By using this panel-data approach, we also controlled for intercountry timeinvariant heterogeneity, something that aggregate, time-series analyses fail to do. Further, all data used are publicly accessible, supporting the reproducibility of our study.
Conclusions
This study has shown that unemployment and public spending on healthcare are both associated with significant changes in cerebrovascular mortality worldwide. Current policy responses to the economic crisis, which may increase unemployment and decrease public spending, are of concern, and may present additional barriers to the management of cerebrovascular disease, possibly increasing cerebrovascular mortality. At a policy level, initiatives that bolster employment and maintain public expenditure may decrease likelihood of cerebrovascular mortality. Clinicians should also consider unemployment as a possible risk factor when assessing patients in the context of cerebrovascular disease.
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